, A sim ilar concept was inv o k ed to explain the cross resistance in h erb ic id e resistan t plants [3] . The id en tificatio n o f th e p ep tid e su b u n its o f the herbicide b inding area by p h o to a ffin ity labelling, as reviewed in [2 -5 ] , in d icated th a t tw o subunits are involved: a 32 kD su b u n it b in d in g azidoatrazine [6 ] and a 47 kD su b u n it b in d in g an azidodinoseb [7] , Both pep tid es h ad been know n before their herbicide bin d in g was recognized; th e 32 kD peptide was know n as a p h o to g en e rap id ly turning over peptide [8 ] and the 47 k D p ep tid e as a chlorophyll carrying peptide. Both are p a rt o f th e architecture of the reaction cen ter com plex o f photosystem II, w hich consists o f a t least th ree, b u t possibly four, integral p eptides o f 51, 47 and 34 an d 32 kD, carrying an tenna and th e reactio n cen ter chlorophyll, the p rim ary donor Z an d tw o accep to r plastoquinones, called Q A and Q B. To it fu rth e r peripheral peptides are attach ed for oxygen ev o lu tion. The arrangem ent o f th e integral p ep tid es in the m em brane is d educed from th e h y d ro p ath y analysis o f their am inoacid sequence (som e not yet published), which indicates that all the peptid es span the m em brane and w ind through the m em brane several times. T his is true also for the 32 kD peptide [9] , originally assum ed to be only a sh ield ing peptide [10] . T he interaction o f the p eptid e spans through the m em brane o f the sam e or o f an adjacent subunit yields a strong, th ough not neces sarily rigid, structure o f helical clusters. T his in te r action is indicated by the displacem ent from the m em brane o f an in h ib ito r by any m e m b er o f the two inhibitor groups, already m entioned, bu t also by some quinones (these proceedings). F u rth e rm o re the change o f functional properties in p h o to system II particles [11, 12] , w here the 32 kD pep tid e is dislodged from the chlorophyll com plexes as well as the influence o f m em brane phosp h o ry latio n [13] , indicate the cooperation o f several peptides in plastoquinone reduction and herbicide binding. 
Results and D iscussion
The nature o f the b inding site(s) o f the inhibito rs and of plastoquinone on the p eptides o f photosys tem II is naturally o f great im portance for the attem pts to rationalize the design o f new and better inhibitors and from there the developm ent o f new herbicides. The state o f know ledge on the chem istry o f the inhibitors, as it is related, im p o rta n t and essential for their high affinity bind in g to th eir receptor sites on the m em brane, as p rereq u isite for an effctive inhibitor has been review ed often. T he relation o f chem ical stru ctu re to inhib ito ry potency o f a herbicide indicated the essential atom s o f a D C M U -type inhibitor: a sp 2 hybrid attached to a lipophilic moiety. A dependence o f potency on electronic substitution param eters and lipophilicity was established. A fitting o f an am inotriazinone h er bicide into a niche o f the acceptor site on the m em brane is shown in Fig. 1 [14] . F urth erm o re, a particular charge sequence -+ + on the essential atom s o f the inhibitors was proposed by D rab er (Fig. 2) . Sim ilar considerations, fittings and calcu la tions have been reported [1 5 -1 8 ] . S hipm an [16, 18] , in particular, concluded th a t the h y d ro p h ilic p art o f a herbicide binds electrostatically to the term inus o f an a-helix at a highly charged am ino-acid like arginine. The hydrophobic part o f the inhibito rs would extend into the hy d ro p h o b ic p art o f the mem brane. It is already tem p tin g to fit this into the hydropathy prediction o f its o rien tatio n in the m em brane o f the 32 kD p ep tid e [9] .
The D C M U /atrazin e b inding ch aracteristics to the 32 kD and structure activity co rrelatio n show quite different p attern from th at o f th e phenol herbicides binding to a 47 kD peptide. E lectron and lipophilic substitution p aram eters w ere o f little im portance, but w ith certain steric p ara m ete rs (those of Verloop) a close fit was o b tain ed [1] . The different binding characteristics o f the phen o l-ty p e, as against those o f D C M U -type in h ib ito rs, w ere supported recently by M O calculations [19] . T his is docum ented again and extended to m o re co m pounds in the follow ing exam ples. structure activity correlation [ 1 ] and the charge distribution pattern [6 ] we would like, with some caution, to propose the general model of Fig. 4 for this type of inhibitors. The distribution of charges on essential elements in the phenol herbicides is different from the atoms essential in Fig. 2 for the D C M U /triazine family. As reported already [19] , CN D O calcula tions did support Fig. 2 for an am inotriazinone herbicide. Fig. 5 compares the rc-charge on the essential nitrogen atoms of an am inotriazinone with that of a derivative of another potent group of photosystem II inhibitors, trifluorobenzim idazoles (the pl50 value given in Fig. 5 is that of the basic compound that can be calculated, but does not carry the substituents needed to arrive at a very potent derivative). Clearly there is a positive ^-charge on the encircled atoms in the planar state (Fig. 5 ). Fig. 6 shows the net and ^-charge distribution for diuron. The positive ^-charge (in a planar form) at the essential atom according to the model of Fig. 2 is shown for diuron and atrazine in Fig. 7 . For the calculations the energy of all molecules had been minimized by a force-fteld based model builder prior to carrying out the CNDO calculations. With the three heterocyclic molecules in Figs. 5 and 6 we did not encounter any difficulties to calculate the charge density, which we consider significant. However, we had to force DCM U into a planar conformation, which was not obtained by the model builder, to be able to calculate the ^-charge density. We believe that indeed the planar form is a pre requisite for a herbicide to bind to the m em brane. The atrazine molecule is written in an unusual way.
Only that way it yields a positive charge on the ring-N-1. If it is written in the normal 5 -triazine form, however, the C-atoms in the ring carry a slightly positive ^-charge, whereas the N 's are cor 408 responding negative. This may look somewhat forced, though, we believe it is not. A. Pullm an [20] had carried out nearly 15 years ago a com parison of the then available MO calculation methods (EHT, IEHT, CNDO, PPP), into which she had included the unsubstituted uracil. The rc-charges given by her correspond very well with ours, i.e. with a positive charge on the nitrogens. We have obtained sim ilar results by HMO and later by C N D O /2 calcula tions of the following classes of molecules, which are known to include active photosystem II in hibitors: l,2,4-triazol-5-ones, l,3,4-oxadiazol-5-ones, l,2-pyrazol-5-ones, 4-chloro-l,2-diazin-3-ones, 3-isoxazolo-(4,5-d)pyrimidin-6-ones, and 1,3,5-triazol-2,4-diones. As discussed above, it has been suggested that the DCMU-herbicide binding site on the 32 kD is identical with the plastoquinone binding site. As we do not subscribe to this and rather assume an allosteric interference, we have calculated the elec tron densities for four species of three redox states of an analogue of plastoquinone with a short (butenyl) side chain ( Figs. 8 and 9 ). There are different conformations of the side chain possible including a hydrogen bond to the oxygen group, as well as two forms of anions of the sem iquinone and hydroquinone. The forms calculated in Fig. 9 have the lowest strain energy with 26.99 kJ/m ol for the quinone analogue as well as for the sem iquinone (see Table I ), i.e. the intermolecular hydrogen bond is actually not favored. The energies given in kJ/mol (here and in Table I ) are results from forcefield calculations [2 1 ], which cannot be taken abso lutely. However, they do give some indication o f the relative stabilities of the respective conformations. MO calculations support this notion, as the values for the total energy content of the molecules in dicated in Table I . The calculations were carried out by CNDO/2 or by INDO, which is more suitable for radicals [22] . There is also agreem ent between force-field model building and INDO calculations (see Table I ), as to which hydroxyl is dissociated by the influence of the charge in the hydroquinone anion favoring the form shown in Fig. 9 . The same is true for the semiquinone radical anion, as shown in Fig. 9 . Again the preferred form has been deter mined from the results of the program and not by giving it into the input that means that no assum p tion has been made about the specific position of the single electron. The results show that the two oxygen atoms contribute equally to the electron density. Both contribute equally to the radical form in the semiquinone radical anion, whereas in the semiquinone the two oxygens are definitely differ ent. The 7r-charge distribution in neither of the four species in Fig. 9 suggests strongly a similarity to the ^-charge distribution of D CM U of Fig. 2 , as con sidered essential for the herbicides. Thus we feel that MO calculations can be very helpful in under standing the mechanism of photosystem II inhibitor action as well as photosynthetic function.
